Practice guidelines for therapeutic monitoring of vancomycin treatment for

EXECUTIVE SUMMARY
Adjustment and targeting of specific serum concentrations of vancomycin in patients have been the subject of debate for many years. The primary premise for monitoring and adjustment of serum vancomycin concentrations is based on the perceived need to achieve serum concentrations at some multiple above the minimum inhibitory concentration (MIC) for the offending organisms and the avoidance of potential adverse effects, such as ototoxicity or nephrotoxicity. The lack of well-designed randomized clinical evaluations or data to support a clear relationship between specific serum concentrations and patient outcome has been the overriding contributor to this controversy. Unfortunately, the controversy has resulted in variable clinical practice methods. In some cases, monitoring is infrequent or avoided. In other cases, monitoring and dosage adjustment is overly aggressive.
The relationship between serum concentrations and treatment success or failure in serious Staphylococcus aureus infections has recently been established. Failure rates exceeding 60% for S. aureus displaying a vancomycin MIC value of 4 mg/L prompted recommendations in 2006 from the Clinical and Laboratory Standards Institute to lower the breakpoint for susceptibility from 4 to 2 mg/L and in 2008 from the US Food and Drug Administration. Recently, a number of studies have established a relationship between vancomycin treatment failures and infections in patients with methicillin-resistant S. aureus displaying an MIC of 2 mg/L. Vancomycin displays concentration-independent activity against S. aureus, with the area under the concentration curve (AUC) divided by the MIC as the primary predictive pharmacodynamic parameter for efficacy. On the basis of in vitro, animal, and limited human data, an AUC/MIC value of 400 has been established as the pharmacokinetic-pharmacodynamic target. To achieve this target, larger vancomycin doses and high trough serum concentrations are required. Although vancomycin administration is associated with some adverse effects, the committee felt that the potential benefit of increased drug dosage was worth the risk of mostly reversible adverse events.
LITERATURE REVIEW, ANALYSIS, AND CONSENSUS
The expert panel reviewed the literature on pharmacokinetics, pharmacodynamics, efficacy, resistance, and toxicity of vancomycin. [1] A computerized literature search of PubMed for all relevant data published in the English language from 1958 through 2008 was conducted and forms the basis of these recommendations. The quality of the studies was rated, and consensus recommendations were graded using the classification scheme of the Canadian Medical Association (table 1) . It should be noted that the majority of the published vancomycin-monitoring studies were not randomized but consisted of observational data. In addition, data from pediatric studies were not included; therefore, the recommendations are only for adult patients. The committee members were assigned specific topic areas and met via several teleconferences and in person to review the draft guidelines. The draft monitoring guidelines were circulated among committee members and were reviewed by each participating professional society for comments and revisions. The final guidelines were reviewed and approved by the 3 supporting organizations.
SUMMARY OF RECOMMENDATIONS
Therapeutic Vancomycin Dose Adjustment and Drug Monitoring
Dosage. Initial vancomycin dosages should be calculated on the basis of actual body weight, including for obese patients. Subsequent dosage adjustments should be based on actual serum concentrations, to achieve targeted therapeutic concentrations. Continuous infusion regimens are unlikely to substantially improve patient outcome, compared with intermittent dosing. Recommended trough serum concentrations and dosage adjustments. On the basis of the potential to improve penetration, to increase the probability of optimal target serum concentrations, and to improve clinical outcomes of complicated infections, such as bacteremia, endocarditis, osteomyelitis, meningitis, and hospital-acquired pneumonia caused by S. aureus, trough serum vancomycin concentrations of 15-20 mg/ L are recommended. Trough serum vancomycin concentrations in that range should achieve an AUC/MIC of 1400 for most patients if the MIC is !1 mg/L. (Level of evidence, III; grade of recommendation, B.) To achieve rapid attainment of this target concentration for seriously ill patients, a loading dose of 25-30 mg/kg (based on actual body weight) can be considered. (Level of evidence, III; grade of recommendation, B.) A targeted AUC/MIC of 1400 is not achievable with conventional dosing methods if the vancomycin MIC is 12 mg/L for a patient with normal renal function (i.e., creatinine clearance, 70-100 mL/ min). Therefore, alternative therapies should be considered. Vancomycin dosages of 15-20 mg/kg (based on actual body weight) given every 8-12 h are required for most patients with normal renal function to achieve the suggested trough serum concentrations when the MIC is !1 mg/L. It should be noted that currently available nomograms were not developed to achieve these targeted end points. Individual pharmacokinetic adjustments and verification of achievement of target serum concentrations are recommended. When individual doses exceed 1 g (e.g., 1.5 and 2 g), the infusion period should be extended to 1.5-2 h. (Level of evidence, III; grade of recommendation, B.)
Vancomycin toxicity. There are limited data suggesting a direct causal relationship between toxicity and specific serum vancomycin concentrations. There are also conflicting data characterized by confounding nephrotoxic agents, inconsistent and highly variable definitions of toxicity, and the inability to examine the time sequence of events surrounding changes in renal function secondary to vancomycin exposure. A patient should be considered to have vancomycin-induced nephrotoxicity if multiple (at least 2 or 3 consecutive) high serum creatinine concentrations (increase of 0.5 mg/dL or 150% increase from baseline, whichever is greater) are documented after several days of vancomycin therapy in the absence of an alternative explanation. 
